Research and development in digital libraries (DLs) have proliferated over the past two decades, producing many research publications on different topics. However, there is no comprehensive list of core research topics and subtopics that can be used as a knowledge map of digital library (DL) research. Based on an analysis of the call for papers from 37 conferences volumes of three major international DL conferences (JCDL, ECDL, ICADL), a list of 15 core topics and 210 subtopics was created. Searches were conducted on the SCOPUS database using the list of topics to validate and expand the list. The resulting list of topics was structured into a DL knowledge map comprising a list of 21 core topics and 1015 subtopics representing research in DLs. This study will provide a panoramic view of DL research for DL researchers, practitioners and educators. It can be used to create a visual knowledge map of DL research, and can also be used to develop a new DL curriculum.
Introduction
Knowledge maps, commonly referred to as mind maps, semantic networks, and concept maps, play an important role in the construction, learning, and dissemination of knowledge (http://technologysource.org/extra/83/ definition/2/) . It is a tangible representation or catalog of the concepts and relationships of knowledge that enables a user to find the desired concept, and then retrieve relevant knowledge sources (home.earthlink.net/~ddstuhlman/ defin1.htm). In term of application, the knowledge maps may involve developing an ontology (semantic relationships of concepts), conducting social network analysis, executing a survey, engaging a group of people in sensemaking, action research or ethnography, etc (http://kmwiki.wikispaces.com/ Knowledge+mapping). In particular, in the field of information science and computer science (semantic web development), an ontology formally represents knowledge as a set of concepts within a domain, and the relationships between those concepts. It can be used to reason about the entities within that domain, and may be used to describe the domain http://en.wikipedia.org/wiki/Ontology_%28computer_science%29
Although research in DLs has been spearheaded by computer and information scientists, researchers from many other fields have also joined hands to look into several research issues that form part of, or surround, DLs. Consequently the field of DLs has been defined differently by different groups of people, and often the connotations vary quite significantly (see [2] , [3] , [5] [6] [7] , [13] ). While the different viewpoints of DLs have brought diversity and innovations, to date there isn't any knowledge map of DL topics providing a comprehensive view of the field. This paper discusses the methodology and findings adopted in a research designed to develop a knowledge map of DL research.
2.

Literature Review
Various research topics in DLs have been identified by researchers in the late 1990s and early 2000s (see for example [2] , [3] , [5] [6] [7] , [13] ) that have been widely used in research and education in DLs around the globe. The DL research topics, as defined by Hsinchun Chen in 2005, represent a view of information technology in which social impact matters as much as technological advancement [5] . The field of DLs is the meeting point of many disciplines and fields, including computer science, data management, information retrieval, library sciences, document management, information systems, web, image processing, artificial intelligence, human-computer interaction, and digital curation [4] . While reviewing research and development in DLs in the nineties, Chowdhury and Chowdhury (1999) grouped DL research into 16 areas [7] . More recently, two research groups have attempted to find out the core topics in DLs: the first research was conducted by Pomerantz et al (2006) on a sample of 1064 DL publications (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) that produced 19 modules (core topics) and around related 69 topics [14] ; and the second was conducted by Liew (2008) with 557 publications (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) , producing 5 themes (core topics) and 62 related or subtopics [12] . They both provided fundamental frameworks of DL core and subtopics, with Pomerantz et al (2006) covering core CS and LIS topics, and Liew (2008) providing an insightful view of organizational and people issues of DL research. The basic tenet of the research reported in this paper is that there is the need for a more comprehensive research with a larger sample covering the field of DL research from the beginning. The major objective of the ongoing research, part of which is reported here, is to identify the core topics and subtopics of DL research for generating a DL knowledge map.
Methodology
As stated earlier, the main objective of this research was to build a knowledge map of DL research topics. Therefore, the research issues to be considered in this study involved identification of the core topics and subtopics in DL research which then could be used on the one hand to develop a DL knowledge map and also to study the evolution of research in the field. The first challenge facing this study was the lack of a knowledge organization system for DLs. Therefore a new methodology had to be designed to build a concept map of DLs. Literary warrant was taken to be the guiding principle and a multi-stage development approach was taken (Figure1).
Figure1: 4 Steps of Research Process
Step 1: A l list DL research topics and subtopics was created, based on the literature review, especially from the findings of Chowdhury and Chowdhury (1999) [7] , Pomerantz et al (2006) [14] and Liew (2008) [12] . However, these studies provided lists of core topics and subtopics according to the viewpoints of individual researchers, and they were limited by the selection of literature studied by the concerned researchers and their study objectives, etc. As a result, it was realized that any list of core topics and subtopics prepared on the basis of these three studies would not truly represent the field of research. Furthermore the list of topics and subtopics from these studies shows more differences than commonalities, and it paved the way for further research and investigations (Steps 2 and 3).
Step 2: Keeping in view the principle of literary warrant, call for papers (CFPs) for three international conference, viz. JCDL, ECDL and ICADL [8] [9] [10] were chosen for this study because these international conferences are the platforms where researchers report on their new research findings. The editorial team (Programme Committee) comprises recognized experts in the field who bring out the CFPs. In this research, the CFPs covering various DL topics from 37 conference volumes: JCDL (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , ECDL (1997 ECDL ( -2010 and ICADL (1998 ICADL ( -2010 were collected from the conference websites. List of core topics and subtopics in each conference call was noted, and by combining these DL topic lists with those of earlier studies, a table of 15 core topics and 210 subtopics were created (Table 1) The list of core topics and subtopics was structured by using the general guidelines for thesaurus building [1] . However, as opposed to a typical knowledge organization scheme like a classification scheme or a thesaurus, the DL knowledge map comprised a list of core and subtopics where each core topic has a list of subtopics, and some subtopics appear under more than one core topics. The reason for taking this approach was that the DL knowledge organization system was primarily designed to be a tool for showing the concept map and research in the field, and in such a tool a given topic, for example information retrieval, may appear under different topics like user studies, collection management, digital library architecture, etc. depending on the context of research. This is discussed further in Step 3.
In preparing the table of 15 core and 210 subtopics, the following steps were followed: -Building a draft table of core topics, then gathering their subtopics from the CFPs which were subsequently checked and verified with the resulting conference volumes -The core topics are defined as the broader semantic scopes of terms (Broader Terms) while their subtopics are defined as narrower semantic scopes of terms (Narrower Terms) -The core topics and their subtopics are linked by semantic relationships. Some subtopics can appear under more than one core topic because of their semantic cross-relationships, e.g. the subtopic Interoperability is related to core topics Information Retrieval and Architecture -Infrastructure. -The original terms and phrases of all of the core topics and subtopics from the CFPs were kept because the language and terminologies used in the CFPs were sometimes loose and varied from one conference call to another, e.g.: Archives, Archiving;, Preserving, Preservation; Filter, Filtering; Ebooks, Electronic Books, etc. These were standardized and/or extended in Step 3 (see below) -Knowledge and understanding of the DL field was used for indentifying and classifying the topics. -A period of 1 month (April 2010) was spent for gathering and analysing the data from the 37 CFPs.
Problems/Issues
Although the CFPs from 37 conferences provided a good picture of the field of DL research activities around the globe, it was considered that limiting this study only to this approach would suffer from two major drawbacks:
1. because of the limited capacity of a conference volume in terms of accommodating published papers, DL conferences can only provide a snapshot of research in the field, and therefore they cannot provide a representation of the entire field of research, and 2. often researchers are constrained by the fact that they need to submit papers within the framework of the CFPs and therefore (a) many cannot report their research in conferences because of the incompatibility of their research and the CFPs, and (b) the length and breadth of the DL research field, which is multidisciplinary in nature, cannot be properly reflected only through an analysis of the conference papers. It was therefore decided that the principle of literary warrant could be observed properly if a large representative database was used to verify and expand the list of 15 core and 210 subtopics, generated through the first phase of the study, and this would help us generate a larger and more comprehensive knowledge map of DLs.
Step 3: SCOPUS database was chosen because of its being the largest abstract and citation database of peerreviewed literature [15] . A search for DL publications on the SCOPUS database was conducted during March 2011 that produced 7905 publications . The list of 15 core and 210 subtopics was used as a set of keywords to conduct a series of searches within 7905 publications in order to validate DL topics and identify more keywords that could be used as core topics or subtopics. The process is explained below: -For example: The topic "Digital collections" was used as a keyword for searching which produced 53 hits.
In The topic "Digital Collections" was defined as a valid and standard term for it found 53 records. Topics that generated no results, such as: "Digital Library Creation" or "Disseminating Asian unique and indigenous knowledge and culture", etc, were excluded for being invalid terms. -Because of time limitations, all of the new keywords that were found within the first 5 records were included in the list. By collecting new keywords that appeared in Author keywords & Index Keywords from each record, more DL core topics and subtopics were found. -By using this method, the DL topic list were enlarged with 21 core topics and 1015 subtopics.
Step 4: The 21 core topics and 1015 subtopics were checked with LISA for topic standardization -Although the research objective was to create a broad DL knowledge map, not thesaurus building, some techniques of the thesaurus building [1] were used to organize the terms. -There were some principal thesaurus building methods used:
1. Defining the scope, or meaning, of terms: this is a very important process for defining the core topics (as Broader Term to which another term or multiple terms are subordinate in a hierarchy) and subtopics (as Narrower Terms that is subordinate to another term or to multiple terms in a hierarchy ) [1] , e.g.: The topic cluster below is hierarchically structured by a Broader Term "Storage" and its 9 Narrower Terms 2. Furthermore, semantic relationships were used to categorize and group terms [1] Table 2 shows a DL knowledge map of 21 core topics and 1015 subtopics found from 7905 DL publications in SCOPUS. For each core topic, there are several clusters of subtopics and the number of publications is assigned for each subtopic, e.g., Collections(363): there are 363 publications on the topic .
Discussions and Conclusion
In comparison with the findings of Pomerantz et al (2006) , Liew (2008) and the topic list of 15 core topics and 210 subtopics from JCDL (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , ECDL (1997 ECDL ( -2010 and ICADL (1998 ICADL ( -2010 The resulting DL knowledge map can be used for a variety of purposes, e.g. to show the major areas of research in DL, and to demonstrate the interdisciplinary nature of DLs. The DL knowledge map can also be used to develop a visual knowledge map of DL and it can be mapped onto a live database like SCOPUS, WebOfKnowledge, etc. , to facilitate information search and retrieval on DLs as well as more critical analysis of the field. It can also be used to develop a DL curriculum by identifying the traditional information science topics as well as new interdisciplinary knowledge and skills that are enriching DL as a field of study and thus should form part of a new DL curriculum.
Further Work
Only the methodology and findings of the DL knowledge map have been reported in this paper.
Further research based on the DL knowledge map is in progress showing the evolution of the DL as field of study. A visual knowledge map of DL is also being created using visual ontology development tool like Protégé to map the relationships among DL topics, authors, institutions, research domains, etc.
